The so-called generalized Kramers-Kirkwood expression for the average stress tensor of a system of interacting point particles, derived by Bird and Curtiss on using a phase-space-kinetic formalism has been reconsidered from different points of view. First a derivation based upon volume averaging is discussed, and after that a derivation based upon a virtual work principle. The latter approach offers the possibility of distinguishing reversible (including thermodynamic and Brownian) and dissipative forces and stresses by using a projection operator, associated with the constraints of the system.
Introduction
In a previous paper [1] the derivation of some expressions for the average stress tensor in concentrated systems of interacting particles of an arbitrary shape was discussed from various points of view. In the present paper we will focus our attention upon systems consisting of interacting point particles. The general expressions for the average stress tensor for such systems have been reviewed recently by Bird and Curtiss [2] . Their most fundamental expression is the so-called generalized Kramers-Kirkwood expression, which is valid for arbitrary mixtures of species c< = 1, 2, 3,..., modelled by bead-rod-spring systems, and reads (in our notation):
T= n ~ xpNp~fiilp(ri~-r~)~.
(1) i~ Here n is the total density of molecules of all species, x~ is the mole fraction of species fl, N/~ is the number of beads in the mechanical model representing a molecule of species/~, f/~p is the force on bead i of a molecule of species ~ due to the molecules of species fl, including fl= ~, averaged with respect to all configurations of these molecules, ri~ is the position of bead i of species :~, r~ the center of a molecule of species c~ and the brackets denote an average with respect to the internal configurations of the molecules of species cc On per-2O8 forming the summation with respect to fl eq. (1) may also be written as:
in which f,./is the total external force on bead i of a molecule of species c~ due to the interactions with all other molecules, i. e. fi~=~x~N/~fl~, and n~ is number density of molecules of species ~. So the macroscopical stress tensor ir may be considered as a weighted sum ir = ~ n~ J'~ of partial stresses c~ (3)
representing the contributions of the individual molecules of species c~.
In [2] it has been shown that eq. (1) is sufficiently general that all the well-known dilute solution expressions, including the so-called Kramers and Giesekus forms for flexible and rigid macromolecules, and also the formula used in the Curtiss-Bird theory for polymer melts [3] , can be derived from it. Despite its simple appearance, the derivation of this expressions is rather complicated. This derivation is given in [4] and rests entirely on the phase-space-kinetic theory of polymeric fluids, developed by Curtiss, Bird and Hassager [5] . In this derivation the macroscopic equations of change of the continuum are derived by averaging the microscopic equations of motion over an ensemble of macroscopically identical systems. From the macroscopic balance equation of momentum the expression (1) is obtained.
Although this procedure offers a firm basis for this result, and the approximations needed to derive it are made explicit, it is still unsatisfactory as a derivation of eq. (1) since the final result is obtained after very lengthy and tedious algebraic manipulations with generalized coordinates in the statistic mechanical formalism. Noting that the final result (1) or equivalently (3) is of a very simple shape with no generalized coordinates and only an average in configuration space, we surmise that in addition to the original derivation just mentioned other, more direct, derivations should be possible. In the present paper it will be shown that this is the case indeed. In the next section a derivation based upon the kind of volume averaging, discussed in [1], will be given and in section 3 a derivation based upon a principle of virtual work is presented. The latter derivation offerssome interesting features in the discussion of systems with constraints, especially in the distinction between thermodynamic stresses and dissipative stresses in such type of systems. These items will be discussed further in section 4, in connection with a specific example.
Volume averaging
A simple and direct way to relate the macroscopical stress tensor to microscopical stresses and forces is the method of volume averaging. In this method which is commonly used in dispersion theology [6, 7] the contribution ir~ to the macroscopical stress of a particle i is identified with the volume average 1 S TdV (4) in which T is the microscopic stress field inside the particle arid V a macroscopically small averaging volume. On using the balance equation div T = 0 the volume integral can be transformed into a surface integral and the following expression is obtained: *. = ± j" r-,, (ra s .
(5)
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This expression in which ri is an arbitrary point, is valid for non-interacting particles of any shape.
Usually the stresses T.n on ~V~ are due to the hydrodynamic forces acting upon the particle.
In systems of interacting particles the method of volume averaging can still be used if instead of the microscopical stress field T the field T + T ~ is used, in which r I is a fictitious stress field describing the interactions between the particles. This method, which was discussed extensively in [1] yields for the contribution to the macroscopical stress tensor of a set of particles in a volume V:
V,! ~T'n(r-ri)dS+ Vi~vfiSrij.
(7)
• v~v, 2
..
In this expression r i is an arbitrary point inside particle i,f 5 is the interaction force on particle i due to particle j and r~.j = r j -i ' , . . In the derivation of (7) the interactions were assumed to be short-range, in comparison with the dimensions of the volume V. For point particles (7) reduces to:
? ' :
If one wishes to avoid the use of the fictitious stress field T z, the interactions between the particles can also be represented by connecting rods (connectors) with elastic properties determined by the interaction potentials. In that case eq. (5) can be applied to the whole networkstructure. To this end the volume V is devided into cells i such that each cell contains yust one particle and each connector crosses the common boundary of the cells around the particles at its terminal points. The total stress ir I due to all cells in V can be written then as ~I = ~ it{ in which ;r{ is the contribution of cell i. 
~J
In these expressions T is the stress in the connector between the particles i and j and the unit normal n is external with respect to the cell around the particle i. Since
